Metazachlor: Mode of action analysis for rat liver tumour formation and human relevance.
In a 2-year study the herbicide metazachlor (BAS 479H) was shown to significantly increase the incidence of liver tumours in female Wistar rats at a dietary level of 8000 ppm. As metazachlor is not a genotoxic agent, a series of in vivo and in vitro investigative studies were undertaken to elucidate the mode of action (MOA) for metazachlor-induced female rat liver tumour formation. Male and female Wistar rats were given diets containing 0 (control), 200 and 8000 ppm metazachlor for 3, 7, 14 and 28 days. The treatment of male rats with 200 and 8000 ppm metazachlor and female rats with 8000 ppm metazachlor resulted in significant increases in relative liver weight, which was associated with a centrilobular hepatocyte hypertrophy. Hepatocyte replicative DNA synthesis (RDS) was significantly increased in male rats given 8000 ppm metazachlor for 3 and 7 days and in female rats given 200 ppm metazachlor for 7-28 days and 8000 ppm metazachlor for 3-28 days. Significant increases in relative liver weight, centrilobular hepatocyte hypertrophy and hepatocyte RDS were also observed in male and female Wistar rats given and 500 ppm sodium phenobarbital (NaPB) for 3-28 days. The treatment of female Wistar rats with either 8000 ppm metazachlor for 7 days or with 500 ppm NaPB for 3 and 7 days resulted in the nuclear translocation of the hepatic constitutive androstane receptor (CAR). Treatment of male and female Wistar rats with 8000 ppm metazachlor for 14 days resulted in significant increases in hepatic microsomal total cytochrome P450 (CYP) content, CYP2B subfamily-dependent enzyme activities and mRNA levels, together with some increases in CYP3A enzyme activity and mRNA levels. The treatment of male Wistar rat hepatocytes with metazachlor (concentration range 0.5-50 μM) and NaPB (500 μM) for 4 days resulted in increased CYP2B enzyme activities and mRNA levels; with metazachlor and NaPB also producing significant increases in hepatocyte RDS levels. Studies were also performed with hepatocytes from male Sprague-Dawley wild type (WT) rats and CAR knockout (CAR KO) rats. While both treatment with metazachlor and NaPB for 4 days increased CYP2B enzyme activities and mRNA levels in WT rat hepatocytes, only minor effects were observed in CAR KO rat hepatocytes. Treatment with both metazachlor and NaPB only increased RDS in WT but not in CAR KO rat hepatocytes. The treatment of hepatocytes from two male human donors with 0.5-25 μM metazachlor or 500 μM NaPB for 4 days resulted in increases in CYP2B6 and CYP3A4 mRNA levels but had no effect on hepatocyte RDS. EGF as concurrently used positive control demonstrated the expected RDS response in all rat and human hepatocyte cultures. In conclusion, a series of in vivo and in vitro investigative studies have demonstrated that metazachlor is a CAR activator in rat liver, with similar properties to the prototypical CAR activator phenobarbital. A robust MOA for metazachlor-induced female rat liver tumour formation has been established. Based on the lack of effect of metazachlor on RDS in human hepatocytes, it is considered that the MOA for metazachlor-induced rat liver tumour formation is qualitatively not plausible for humans.